To assess the importance of malaria risk factors for children in sub-Saharan African countries. 61,292 children of 16 countries from DHS and MIS surveys were included in analysis. A regression model with analyse of variance and plots of mean decrease accuracy and mean decrease Gini indices were performed. The most important risk factor was the country and it contributed 52.33 % to the variance of the model. Wealth status of the child's family was the first socio-economic factor which contributed more to the difference of malaria risk among African children. There was no geographic factor among the five most important variables. Quantity of precipitation was the sixth most important factor. Our study has the potential for driving control effort in the fight against malaria in the continent which represent the majority of global malaria cases. The study indicates that, when implementing health policies, community characteristics must be taken into account.
Introduction
Despite efforts of prevention done in the world, malaria remains a great public health problem with 212 million cases reported in 2015. It is one of first causes of morbidity and mortality in the world; 429,000 deaths in 2015 were due to malaria. The majority of malaria cases occur in Africa (91 % of global malaria cases). Children are most victims of malaria; 70 % of the global deaths due to malaria occur among under five children (WHO 2015 (WHO , 2016a .
Given that malaria transmission still occurs in 97 countries and 44 % of the world's population live with the infection risk, it is very important to determine the importance of risk factors for malaria infection. In our study, we will focus on the relative importance of malaria risk factors for under five children in sub-Saharan African countries; knowing that the majority of malaria cases are among sub-Saharan African children (RBM 2015; WHO 2016a) .
The World Health Organization's (WHO) goal is to reduce the global incidence of malaria by at least 90 % between 2015 and 2030 with the intermediary objective to obtain in 2020, a reduction of 40 % in malaria transmissions. The objective of this study is to assess the importance of malaria risk factors for under five children in Sub-Saharan African countries. If we are to achieve to the reduction in malaria transmissions, it is essential to access what malaria risk factors are relatively more important and to focus on them in prevention policies against malaria (WHO 2016b) .
According to several studies carried out in sub-Saharan African countries, malaria prevalence varies spatially, depending on several factors including socio-economic factors (Messina et al. 2011; Winskill et al. 2011; Njau et al. 2013; Houngbedji et al. 2015; Tusting et al. 2016) , biological factors (Ehrhardt et al. 2006 ) and environmental factors (Cairns et al. 2015; Laneri et al. 2015; Moise et al. 2016; Tompkins and Caporaso 2016; Kabaria et al. 2017) , which can have a strong association with malaria.
In our study, analysis was extended to the assessment of the relative importance of those risk factors in a global view of sub-Saharan African countries.
Method

Data
The Demographic and Health Surveys (DHS) and Malaria Indicator Surveys (MIS) are cross-sectional, nationally representative studies carried out in different developing countries. The Demographic and Health programme is funded by the U.S Agency for International Development (USAID) and implemented by the Inner City fund (ICF) , most of the time in collaboration with the governments in concerned countries. Households selected for the survey were grouped into clusters (small geographic areas), of which the geographic references (longitude and latitude) were recorded. These geographic references were collected during the survey with a GPS device or from paper maps where GPS data was unavailable. To preserve the confidentiality of the households surveyed, urban clusters were randomly displaced by 0-2 km, and rural clusters by 0-5 km. Results from rapid diagnostic tests (RDTs) for malaria were used for the analysis. Different types of RDTs were used according to the country surveyed. We did not use results from microscopy for the outcome of our regression because of the many problems with this type of testing in some national surveys (lack of skilled microscopists and poor staining of slides due to transportation and storage) (ICF 2013; WHO 2016c) .
Individuals, households, communities and countries factors were used in models (Table 1) . The analysis focuses on Sub-Saharan African countries in which surveys incorporating malaria tests, conducted between 2010 and 2015, which contained GPS data (Global Positioning System), were considered. Due to lack of reliable and empirical data at national scale for Sub-Saharan African countries, DHS data of recent years (5-year interval) were used in models. Given that Unicef or Malaria Atlas project does not reveal any significant change on demographic data of children over a short period of five years in Sub-Saharan African countries (Sankoh et al. 2005; UNICEF 2010 UNICEF -2015 MAP 2010 MAP -2016 . For each country considered in our study, we have merged child data, household data and GPS data. Children in 16 sub-Saharan African countries were included in this study (Angola, Benin, Burkina Faso, Burundi, DR Congo, Ivory Coast, Liberia, Madagascar, Malawi, Mali, Mozambique, Nigeria, Rwanda, Senegal, Tanzania, Uganda) (DHS 2010 (DHS -2015 . The longitude and latitude of each cluster were used to extract data on temperature, precipitation, population density, and the distance of houses from cities where conflicts were taking place (within 100 km) and rivers or bodies of water (within 5 km).
Temperature and rainfall data used in our study were extracted from the WorldClim website (a set of free global climate layers) for the recent period , with a resolution of 2.5 arc-min. The mean temperature and mean precipitation in each country for the month(s) during which the survey was conducted were considered (Hijmans et al. 2005) .
The data on population density comes from the Gridded Population of the World version 3, from the Centre for International Earth Science Information Network (CIESIN) , Columbia University and Centro International de Agricultura Tropical (CIAT), with a resolution of 2.5 arc-min, using the unit 'persons per square kilometre (CIESIN 2005) . Water bodies' data come from vector layer (VMAP) of National Imagery and Mapping Agency (NIMA 2003) . We used data from ACLED (the Armed Conflict Location & Event Data Project) to select clusters within 100 km of conflict territories. A comma-separated value (csv) file containing geographical references of conflict locations was used. For the purposes of this study, a conflict event is taken to refer to any type of battle, violence to civilians and the presence of hostile or threatening forces since the year 2000 (ACLED 1997 (ACLED -2015 .
Statistical analysis
Before entering independent variables in regression models, absence of collinearity was verified using a covariance matrix and by assessing variance inflation factor. IBM SPSS Statistics Version 20.0 software was used for merging data, classification tree and for chi-square analysis. For extracting environmental data, QGIS 2.12.0-Lyon was used, in the EPSG: 4326 (WGS 84) coordinate reference system. Software r 3.3.2 was used for regression and variance analysis and for plotting the order of importance of factors. SAGA GIS 2.1.2 (System for Automated Geoscientific Analysis) software was used for performing geographically weighted regression.
Pearson's Chi-square test was used to compare countries with high malaria risk with those with low malaria risk in Africa. A regression model was applied considering the AIC criterion (Akaike information criterion) and BIC criterion (Bayesian information criterion) in order to use the best model (Finch et al. 2014) . Analysis of variance was performed to assess the relative contribution of factors to the difference of malaria risk among Sub-Saharan African children. Estimations of odds ratio and variance contribution were done with the Generalized Linear Mixed-effects model (glmer) (Bates et al. 2015) .
Two methods using different measures were performed in this study to assess the most importance factors. Mean Gini decrease, which reflects the goodness of fit (it measures the importance of each predictor in the partition of data into different classes) and mean decrease accuracy, which reflects accuracy in the model prediction (it measures how much each factor reduces error of classification in the model) (Liaw and Wiener 2002; Siroky 2009; Genuer et al. 2010) .
Geographically weighted regressions using inverse distance (maximum search distance of 100 km), weighting power in local model with maximum number of nearest points in all directions (considering a minimum of 4 points and a maximum of 20 points) were performed in order to assess the heterogeneity of relationships between important geographical factors and malaria prevalence across sub-Saharan countries. For each GWR model performed, one predictor was used.
A classification tree was performed using classification and regression tree criterion (CRT) with one split, for visualising the partition of our data by the most important independent variable. DHS data was weighted according complexes sample, for numbers of subgroups and for chi-square analysis of household's factors.
Results
Description of data surveys
61,292 children under five with results from RDT tests for malaria were included. In total, 29.1 % were infected with P. falciparum. Different types of RDT were used (SD Biolone, Parcheck Pf, First Response Malaria). Prevalence of malaria varies by country; the highest prevalence is in Burkina Faso (75.5 %), while Rwanda was the country with the lowest prevalence (2.2 %) among the sixteen sub-Saharan African countries included in our study. Surveys are conducted between 2010 and 2015 ( Table 2 ).
Risk factors in regression model and in variance analysis
Sex of child
The sex of a child was not a significant factor in the model and the risk of malaria was the same between male children and female children. The relative variance explained in the regression model by the factor sex was very low, less 0.01 % (Table 3) . However, there are certain sub-Saharan countries (e.g. Ivory Coast), where there was difference of malaria risk between male and female children (Houngbedji et al. 2015) . 
Age of child
The malaria risk for children increases significantly with age. Children aged 48-59 months were at the highest risk of malaria among under five children. The factor age of child contributed 2.92 % to the model variance.
Education level of mother
The education of a child's mother also had a significant association with malaria risk in sub-Saharan children and contributed highly compared to other factors in the model with 4.95 %. Children whose mother had any level of education were at lower risk than children whose mothers were less educated. A mother with a higher level of education may decrease the risk of malaria for her children due to the higher wealth status of the household, which is often associated with a high level of education or her awareness of behaviours likely to prevent infection (the use of a bed net or insecticide).
Use of bed net
We found that, children who had a bed net for sleeping had a significantly lower risk of malaria than children who did not have one. His contribution in the variance of model was 0.14 %.
Anaemia status
The risk of a child being infected with P. falciparum increases with the severity of the anaemic status and it contributed highly compared to others factors in the variance of model (22.57 %). This could be due to the low economic status of a child's household or to the fact that anaemia is a common consequence of malaria (Dzeing-Ella et al. 2005; Jamal et al. 2015) .
Fever status
As found by the study of Tarimo, children who had fever during the two weeks prior to the survey were at significantly greater risk of malaria than children who were not febrile and the contribution of fever was 3.30 % to the variance of model (Tarimo et al. 2014) . House with electricity Children who live in houses supplied with electricity were at lower risk of malaria than children who lived in houses without electricity. This high risk of malaria may be due to the low economic status of the household, or because the house was in a newly inhabited or forest area. This factor's contribution to the variance of model was 0.75 % (Table 4) .
Household size
Analysis indicated that those living in a household of more than 12 persons have a significantly higher risk than those in a household of 6-12 persons. This could be explained by the contributing factor of wealth status but the contribution of household size in the variance of model was very low (< 0.01 %).
Wealth status
Wealth status had a significant relationship with malaria risk and it explained 10.05 % of the variance in the model. We found that children who lived in poorest household were at higher risk of malaria. Wealth status can have a significant impact on malaria risk, due to the quality of the dwelling, or parental behaviours such as the use of insecticide.
Urban or rural residence
For place of residence, we found that children who lived in rural areas were at higher risk of malaria than children who lived in urban areas in sub-Saharan African countries. But the contribution of this factor to the variance of model was only 1.40 %. This difference of malaria risk could be attributed to higher economic status and levels of education in urban areas compared to rural areas in sub-Saharan African countries.
Country of child
Country where the child lived explained a large portion of the difference in malaria risk among children in Sub-Saharan African countries -52.33 % of the variance in the model was explained by this factor. Rwanda and Senegal were countries with lowest malaria risk while Burkina Faso was the country with highest malaria risk (Table 5 ).
Temperature
The contribution of temperature to the variance of the model was only 0.26 % compared to others factors. Peak malaria risk was observed when mean temperatures of month was between 25 and 28.5 °C and the lowest malaria risk was above the temperature of 28.5 °C. 
Precipitation
We found that quantity of rainfall significantly influenced the risk of malaria; when the mean of monthly precipitation was between 51 and 200 mm, the risk was lower than when the mean of monthly rainfall was more than 200 mm. The highest risk of malaria was in regions where mean quantity of rainfall by month was less than 50 mm by month. The quantity of rainfall contributed with 0.30 % in the variance of the model used.
Conflicts events
Living near areas with conflict events significantly increased the risk of malaria for sub-Saharan African children but its contribution in the model variance was almost zero. The significant increase of malaria risk with conflicts events was possibly because conflict events in general bring poverty to a population, coupled with the phenomenon of migration within the country or from neighbouring countries.
River or water body
Children who lived in proximity to a river or body of water in sub-Saharan Africa did not have a significantly higher risk of malaria compared to those who did not and the contribution of this factor in the variance of model was only 0.03 %. 
Density of population
We found a significant negative association between population density and the risk of malaria with a contribution of 0.82 % in the variance of model. Indeed, in areas where population density was low, the risk of malaria was higher than in highly populated areas. Figure 1 shows the order of importance of variables in the model. Highest decrease in accuracy of random forest means best predictive variable and highest decrease of Gini indices means the most important variable. We can see that country is the variables with greatest value of decrease accuracy and of decrease Gini indices. The factor sex of child is the lowest predictive variable in our model and the variable electricity in the house is the lowest important variable. We can also see that between the five best predictors and five most important variables in our model, there is no a geographic factor. Quantity of precipitation is sixth important and first important factor among geographic factors.
Order of risk factors importance analysis
Visualisation of classes for the most important factor
Residential country as the most important variable for the risk of malaria infection among sub-Saharan children, it was very important to know what countries are in the high risk of malaria group compared to the low malaria risk group. The classification tree shows in Figure 2 , the splitting of node 0 (61,292 children with the mean of malaria prevalence of 29.1 % and a standard deviation of 0.454) by the most important independent variable in the model (country of child) in two groups: The left split is the node 1, in which there are nine countries with 33,072 children (Uganda, Malawi, Liberia, Mozambique, Ivory-Coast, BurkinaFaso, DR. Congo, Nigeria and Mali) with high malaria prevalence (average of malaria prevalence is 45.8 % and standard deviation is 0.498). The right split is the node 2, in which there are seven countries with 28,220 children (Madagascar, Senegal, Angola, Benin, Tanzania, Rwanda, Burundi) with low malaria risk (average of prevalence is 9.5 % and standard deviation is 0.293). 
Sex of child
Analysis for comparison of characteristics between countries with low malaria risk and countries with high malaria risk
For the best understanding of the importance of factors in the risk of malaria, we have compared these two groups of countries (Table 6 ) to observe what predictors remain significantly different between the two groups of countries.
We can see that the economic level was not a significant characteristic of difference between countries with low malaria risk and countries with high malaria risk. The education level of mother was significantly different between these two groups. In high malaria risk countries; there was significantly more illiterate woman than in low malaria risk countries. We can see also that there was significantly more use of bed nets for sleeping in countries with low risk of malaria.
Geographically weighted regression with three most important community factors
There is no similar relation across all Sub-Saharan areas between malaria risk and temperature ( Figure  3) , between malaria risk and precipitation (Figure 4 ) and between malaria risk and density of population ( Figure 5 ). Regression maps show that there were areas with negative relationship and areas with positive relationship; between malaria risk and temperature, precipitation or density of population. The darker the colour in the regression map, the more negative the relationship with malaria risk.
Discussion
Using a glmer regression model, we have estimated the risk of malaria for children in sub-Saharan countries considering individual factors, household factors, community factors and country factor. At individual level, age of a child, maternal education level, febrile status, anaemic status and the possession of a bed net for sleeping had a significant association with the risk of malaria. At household level, we found that wealth status, the presence or absence of electricity in the house and finally place of residence (urban or rural) were significantly associated with malaria risk. At community level, we observed a significant association between malaria risk and quantity of precipitation (only for areas with very low precipitation) and with population density. We have found several factors significantly associated with malaria risk, but the objective of our study was to assess the importance of these factors for malaria risk.
For achieving the purpose of our study, we have followed several ways. We have used two measures with random forest package to identify the importance of various variables in the model; the mean decrease accuracy and the mean decrease Gini indices. We found that the country where the child lived was the most important factor in explaining malaria risk and it contributed to half of the variability of malaria risk between sub-Saharan African countries. While the anaemia status and age of child are second and third most important factors for malaria risk, their contributions in the variability of malaria risk among Sub-Saharan African children were very low. As found by the study of Krefis et al. in Ghana using principal component analysis, we have found that the wealth status is the first socio-economic factor that contributes in the differences of sub-Saharan African children concerning the malaria risk (Krefis et al. 2010 ).
Even if their contribution to the difference of malaria risk among sub-Saharan African children were very small, the quantity of rainfall, temperature and density of population were most important community factors for malaria risk. Study of Onyiri N carried in Nigeria has found similar result as us using a geostatistical approach (Onyiri 2015) .
Geographically weighted regression allowed us to observe differences of relationship between malaria prevalence and some community factors across geographical areas. While in certain regions of sub-Saharan African countries; high quantity of rainfall, high temperature or high density of population were associated with an increase in malaria risk; in certain regions the relationship was the inverse. This difference of relationship between malaria and environmental factors across Sub-Saharan African countries can be due to the difference in the relationship between mosquito abundance and community factors.
Using classification tree with one node, we have identified countries with high association with malaria risk and countries having low association with malaria risk. Countries with low risk were Madagascar, Senegal, Angola, Benin, Tanzania, Rwanda, and Burundi; while countries with high malaria risk included Uganda, Malawi, Liberia, Mozambique, Ivory-Coast, Burkina Faso, DR Congo, Nigeria and Mali. Pearson Chi-square test shows that there was no significant difference in the economic status of households between countries with low malaria risk and countries with high malaria risk. There was however a significant difference between these two groups of countries in the education level of mothers, the use of bed net, the anaemia status, the size of household, the fever status, the quantity of rainfall, the temperature and the density of population. While in our study, we did not find a difference in malaria risk between male and female children, some studies carried-out at the country level in Ivory-Coast or in DR Congo, found high malaria risk for male children (Messina et al. 2011; Houngbedji et al. 2015 ) due possibly to inequality of access to education or to health services and to the inequality of exposure in conflicts areas.
This study of 16 Sub-Saharan African countries has allowed us to obtain a global view of significant malaria risk factors and to observe their order of importance for malaria risk for sub-Saharan African children. This study also has the merit of presenting the spatial relationship between malaria risk and certain community variables; highlighting the particularity of each region in sub-Saharan African countries.
It should be noted that, due to concerns about the privacy of children included in the DHS survey, geographic references were displaced by 0-2 km for urban clusters, and by 0-5 km for rural clusters. The results of our study may, therefore, contain some inaccuracy. Because of the limitations of microscopy and the absence of gold standard tests for use during national surveys in some developing countries, results from RDT alone were preferred for our analysis.
Our study has the potential for driving control effort in the fight against malaria in the continent, which represent most global malaria cases. This study has examined through several forms the question of the importance of malaria risk factors by estimating their contribution to the variance, by plotting the decrease of Gini indices and the decrease of accuracy of factors and by assessing significant differences between countries with low malaria risk and countries with high malaria risk. Even if quantity of rainfall or temperature of a region cannot be modified, this study raises the question of why in some areas large amounts of precipitation increase the risk of malaria, whereas in other sub-Saharan African regions it is not the case. Even if we cannot delocalise children from high malaria risk countries to low malaria risk countries, comparison of these two groups of countries allows us to observe note: We found some areas had negative association with malaria prevalence. the variables that are significantly different between the two groups on which health policies must improve. We demonstrated heterogeneity of most important community factors across sub-Saharan African regions. The study indicates that when implementing health policies aimed at the eradication of malaria in sub-Saharan African countries, community characteristics must be taken into account.
